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ABSTRACT 


A l/8th scale Structural Itynamics model of a parallel bum 
Space Shuttle has been designed. Basic objectives were to re- 
present the significant low frequency structural dynamic 
characteristics while Keeping the fabrication costs low. 

The model was derived from the proposed Grumman Design 619 
Space Shuttle. The design includes an Orbiter, two Solid Rocket 
Motors (SRM) and an External Tank (ET). The ET consists of a 
monocoque LO^ tank (.02" walls and .016" lower dome), an intertank 
skirt (.05" skins) with three frames to accept SRM attachment 
members, an LHg tank (. 025 " and .016" skins) with 10 frames of 
which 3 provide for orbiter attachment members, and an aft 
skirt with one frame to provide for aft SRM attachment members. 

The frames designed for the SRM attachments are fitted with trans- 
verse struts to take symmetric loads. The SRM consists of 
a monocoque (0.2" skins) cylinder representing the propellant 
carrying structure, a simplified forward skirt with two frames 
and longerons for interstage attachments, and an aft conical 
skirt with one frame for interstage attachments and 4 longerons 
representing the on-pad support structure. The orbiter consists 
of an aft section representing simplified version of the major 
load paths between engines and the aft interstage attachment, 
a midsection formed from U shaped frames spaced about 10" apart 
covered by a .02" skin, provisions for 3 different payload 
lengths, wings designed as 6 spars covered by .02" skins, a 
simple torque box representing the fin out to the c.g., and a 
tapered non-circular shell representing the cabin. 

The model design details are presented in 4l drawings 
which have been filed with the Dynamic Loads Branch of the Loads 
Division at the NASA/Langley Research Center. 
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MODEL DESCE ^ 1 * 313 


SUMMARY 


The basic objectives of the l/8th scale Preliminary Structural 
Dynamics model are to: 

o Provide early verification of analytical modeling 
procedures on a Shuttle-like structure, 
o Demonstrate important vehicle dynamic characteristics of 
a typical Shuttle design 

o Disclose any previously unanticipated dynamics 
problems 

o Demonstrate optimum configuration changes for 
eliminating critical problem areas 
o Provide for development and demonstration of cost- 
effective and efficient prototype testing procedures 

The design objective for this task was to represent important 
structural dynamic characteristics (discussed in CR 112196) while 
keeping the fabrication costs low. The basis for the model was 
the Grumman proposed Design 619 Space Shuttle which was a 4.8 m lb. 
GLOW 182 ft. long parallel burn configuration. Simplifications 
included extensive use of constant thickness unstiffened skins 
in place of variable thickness skin-stringer-frame construction, 
frames designed as back-to-back channel with elements formed 
from cut flat plates fastened between them to act as fittings 
in place of machined frames, and simple tubular struts with 
standard AN end fittings for interstage members in place of more 
elaborately formed members. These and other simplifications in 
the design resulted in locally stiffer and heavier areas than 
would occur in a full replica model, however, they were necessary 
to keep the fabrication costs within target. Structural joints 
in the model were designed to be simpler and stiffer than the 



prototype in an effort to avoid the extra flexibility which has 
occurred in replica scaling down to thin gages. 

. i 

The model consists of 4 elements. An Orbiter, and External 
Tank and two Solid Rocket Motors. Since investigation of 
hydroelastic effects was an important objective in the test program, 
and since the ET flexibility and weight was expected to be the most 
significant factor in the low frequency modes, the ET was the first 
element to be designed. ! 

The ET is 39* 5" in diameter and 237.8" long and consists of 
a forward LOg tank, an intertank skirt with provisions for 
attaching thei SRMs, an aft LHg tank with internal frames to 
support the Orbiter attachments, and an aft skirt providing the 
aft SRM attachment. In order to avoid buckling of the tank 
during vertical suspension of the model, it was designed to be 
supported from the intertank skirt. The LOg tank is of welded 
monocoque constant thickness design 78.3" long. The forward 
portion is conical while the aft is cylindrical. Both regions 
have .02" thick walls. The bottom consists of an .016" thick 
lower dome. The intertank skirt is 29" long cylinder of 
.050" wall thickness. There are 3 frames to accept the SRM and 
the model suspension system attachments. The LHg tank is a 144" 
long cylinder with 10 frames, 3 of which take the orbiter 
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attachments and the remainder required to prevent buckling. The 
skin thickness is .025" in the upper regions of higher load and 
.016" for the remainder. The aft skirt is a simple .020" thick 
cylinder 13" long with a single frame to take the SIM attachments. 

The SRM consists of a forward skirt with ET attachment 
provisions, a propellant cylinder, and an aft skirt with both ET 
attachment and hold-down support provisions. The propellant 
cylinders are 147. 3" long, 19.5" in diameter with 0.2" thick walls. 


The propellant simulation proposed is inert FBAN which has an inert 

salt in place of the oxidizer used in the active material. Six 

cylinders are proposed, two each to represent full, maximum q©< , 

and burnout conditions. The forward skirt is a 23.6" long .05" 

thick cylinder with a forward and aft frame to provide for ET 

attachment. The aft skirt .'consists of a cylindrical and conical section. The 

5" long by .062" thick cylindrical section contains the SKB to 

ET attachment frame. The 22" long .062" thick conical section 

progresses from 19-j" diameter to 30.2". Four tapered longerons 

attached to this cone represent the hold-down supports. 

When the ET and SRM designs were almost completed, 
manufacturing cost estimates were made to determine the fabrication 
cost target for the Orbiter. The Orbiter representation which 
met this requirement consisted of a forward non-circular shell 
representing the cabin, a midsection payload and wing area, and 
an aft section providing a representative engine and fin support 
structure. The fuselage external lines are simplified to 
minimize curved sections, the sides and bottom are flat as are 
the surfaces of the wings and fin stub. The forward .020" thick 
shell is 17.25" long and varies from 19" to 26.4" deep. Longerons 
are extended along the sides and slightly forward to constitute 
the forward hoist point when lifting the Orbiter separately from 
the remainder of the model. The midsection is 102.5" long and 
consists of a series of U shaped frames spaced every 10" running 
up to shoulder longerons along each side. These frames are covered 
by .020" thick skin. Payload attachment provisions are made at 4 
locations along the length. The payload door is a semi-cylinder 
.016" thick divided into 7 segments along its length by V shaped 
angles which permit the door to carry torsion but not bending. 

The wings consist of 6 spars 2.5" deep at the tip and 6" deep 
at the root extending 49" from the fuselage and covered by .02" 
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skins. The all; section ol' the arbiter 1 b 20 " long and is designed to 
represent the basic load carrying structure between the orbiter engines 
and the ET thrust load attachment. At the ait end is an open frame 
which supports the aft fin beam. Forward of this is the engine bulk- 
head containing provisions for mounting representations of one upper 
and two lower engines. A sloping deck between the engine bulkhead and' 
the aft payload bulkhead provides a load path from the upper engine to 
the shoulder longerons. Two struts provide a path of proper stiffness 
between the lower engines and the ET thrust attachment. Stability of 
the sloping deck and the strut attachment points is provided by vertical 
channels attached to the engine bulkhead. 



MODEL DESCRIPTION 


Basically the design is a simplified l/8th scale model of a 
parallel-burn Shuttle, which full scale is represented by the 
Grumman Design 619 (or Gill) shown in Figure 1. A summary, weight 
statement for this prototype is listed in Table 1. 

In simplifying the design, a major objective was to keep the 
fabrication costs within target while retaining as many of the 
significant structural characteristics important for dynamics as 
possible. The guide lines used are outlined in Section 1 of 
CR112196 prepared under NAS 1-10635-^- 

External Tank 

The prototype design used as the basis for the model is shown 
in Figure 2. The principal parts of the external tank are the 
oxygen (LOr>) tank, the intertank skirt, the hydrogen (LH^) tank, 
and the aft skirt. 1 

Initially, in designing the model external tank, an effort 
was made to adhere to the scaled down cross-sectional area and 
the moment of inertia in bending for both the major structural 
elements and the interconnecting members. This proved to be 
difficult in the LH^ tank when an effort was made to provide 
for a test condition where the configurations without the SRM's 
were supported by the orbiter engine base. Buckling occurred 
if scaled down thicknesses were used even with the addition of 
rings at less than 2" spacing. Suspending the model from the 
intertank skirt at the interstage connection and thereby putting 
the LHg tank in tension eliminated this problem below the 
suspension point but buckling was still present above the 
suspension point in the intertank skirt. Therefore, after 
discussion and a NASA review, the change of support point to the 
intertank skirt was made and the intertank skirt thickness was 
increased in gage until buckling was no longer a problem. This 
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approach also minimizes fabrication costs. The comparison in 
areas and inertias between the prototype direct scaling and the 
model design is shown on Figures 3 and 4. It was felt that the j 
resulting configuration would still provide a good check of 
analytical methods, and that the major structural dynamic 
interactions between the model SRM, external tank, and orbiter 
would still demonstrate the type of behavior anticipated on the 
prototype. 

The prototype LO^ tank was monocoque construction with variable 
tapered skin thicknesses as shown on Figure 5. The model tank is 
also monocoque. The lower dome is formed of 3 spherical segments 
to save the tooling required for an elliptical shape. The 
thickness which varied in the prototype, is kept constant in the 
model at .016". A thicker section is retained adjacent to the Y 
ring to permit welding. The model Y ring is considerably larger 
than the scaled down prototype dimensions and is made in simple • 
tapered shape to expedite analysis. The cylindrical section of 
the model LOg tank which if scaled directly, would require 
variable-thickness (.023 to .016") is kept constant at .020". The 
conical section (scaled prototype design .016" to .012") is kept 
constant at .020" to avoid welding difficulties. The upper dome 
which, if scaled directly, would have been .0065" is .025" in the 
model in order to limit welding and handling difficulties. The 
upper dome is a single spherical section. A removable upper 
cover is added to permit inspection and cleaning of the model. The 
dimensions of the LO^ tank are adjusted to provide proper scaled 
LOg weight using H 2 0. 



The Intertank Skirt in the prototype was a ring-frame stiffened 
cylinder with one very large frame stiffened by internal struts 
(Section B-B, Fig. 2) to carry the SRM symmetric lateral (Y 
direction) load. These strut cross-sectional areas would be .16 1 

to .19 sq. in. if directly scaled, but in order to achieve 
commonality of members throughout the model they are increased 
to .26 sq. in. Back-to-back channels are used in place of tubes. 

The skin gages required in the prototype varied from a minimum 
of .070" to a maximum of .2". Scaling these values down to .009" 
to .025" for the model would result in buckling in this area 
under handling and vibration test induced loads. Therefore, to 
avoid the complexity of many rings at close spacing, and chem 
milling to various thicknesses, it was decided to select a 
.050" aluminum skin which is the minimum for a uniform thickness. 
There are, therefore, only 3 frames required in this area of the 
model. The SRM axial loads are applied to two fittings on each 
side. One of these fittings is shown in detail in Section B-B ' 
on Figure 2. In the model, this fitting is also used to suspend 
the configuration. Therefore, the model is heavier than a scaled- 
down version of the prototype would be. In simplifying the 
design to reduce machining costs, still more weight and stiffness 
is unavoidably added. 

The LH^ tank prototype, as shown in Figure 2, was a ring-frame 
stiffened cylinder with 3 major frames and fittings to accept the 
orbiter induced loads. The skin thickness if scaled directly, 
would vary from .026" to .015". To simplify construction of the 
model, the skin is either left at. .025" or chem milled to .016". 

The total number of ring frames and ring stiffeners is limited to 
10, about half the number in the prototype. This is feasible 
because the buckling loads were low. All three ring frames are 
back-to-back channels having the same channel section in order to 



save tooling costs- The I (area moment of inertia) selected for 
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each of the frames is 0.45 in. which is approximately representa- 
tive of the scaled prototype value of 0.49 in.^ for the forward 
interstage frame. The end domes in the model are .020" in place 
of the .009" scaled from the prototype in order to avoid welding 
and handling problems. They are formed with the same tooling as 
the LO^ tank dome and, therefore, unlike the prototype,- they 
have the same geometry. The internal struts in the frames 
which distribute the aft orbiter loads are of the same geometry 
as the prototype but made from back-to-back sections in place 
of tubes in order to save tooling costs. The cross-sectional area* 
of the model internal struts is larger than the scaled prototype 
value (.26 in. in place of .23 or .19 in. ). The prototype 
orbiter drag fitting was as shown in Detail P of Figure 2. In 
the model, the drag fitting has the same effective line of action 
but is made of a single machined straight sided element which is 
stiffer and weighs more than the scaled prototype value. 

The aft skirt in the model is simpler than the prototype 

since there is no beading of panels or ventral fins and only 

one ring frame which distributes the aft SRM loads. This is 

2 

stiffened by lateral struts which would be ,19. to .22 in. if 

2 

scaled from the prototype, but which are .26 in. in the model 
to save the cost of additional tooling. There is no full 
bulkhead installed in the model as there was in the prototype 
since the bulkhead was not considered significant for the structural 
dynamic characteristics. 



SRM 


The prototype design used as the basis for the model is shown 
in Figure 6. The central cylindrical section which in the 
prototype is made of 6 segments of .57" thickness steel is modeled 
by a single 0.2" thick walled aluminum cylinder. The propellant 
is modeled by an inert propellant in which the oxidizer replaced 
by an inert salt. No structure was considered necessary to 
represent the upper dome of the prototype. The lower dome is 
represented by a conical section for simplicity. 

The forward skirt in the prototype SRM was designed as an 

orthogonally stiffened steel cylinder with closely spaaed longerons, 

and with 5 ring frames spaced about 26" apart. Skin thickness 

varied from .2" to .06". In the model, this is represented by 

an unstiffened .050" thick uniform aluminum cylinder which 

represents average thickness, and because this thickness will 

prevent buckling under any of the model loading conditions. 

The forward skirt of the model has frames consisting of back-to- 

back channels located at the forward and aft intersections of the 

interstage struts with the skirt in order to take the SRM-to- 

extemal-tank loads. In the prototype, the forward frame had an 

2 2 

area which varied from about 4 in. to 10 in. , with a corresponding 

4 , 4 

variation in I from 125 in. to 490 in. . The aft frame area 

2 2 4 

varied from 1.8 in. to 6.2 in. , and the I from 18 in. to 

1 | 

106 in. . On the model, both are represented by the same frame with 
2 4 

an area of .27 in. and an inertia of .28 in. which, when scaled 

2 

up to prototype size and material, would represent a 5.7 in. area 
and a 430 in.^ inertia. This is considered within the proper 
range for the forward frame. 



The prototype geometry of the interstage strut fittings is 
retained but the model fittings are simplified. The interstage 
strut attachment lugs are fabricated from plate to save machining 
costs. This makes the model elements heavier than scaled down 
prototype design. The SRM recovery system is represented by 
lumped weight attached to the forward ring. 

The aft skirt of the prototype which contains the hold-down 

fittings and SRM-to-extemal-tank fittings, was designed as an 

orthogonally stiffened conical frustrum with stringers every 4 degrees 

and ring frames approximately every 24" . The prototype material 

was steel. Skin thicknesses varies from 0.3" to .075"* This 

structure is simulated in the model by a conical .062" unstiffened 

uniform aluminum skin. The prototype had 4 major tapered longerons 

extending from the hold-down fittings to the SRM cylinder each with 

2 4 

a maximum area of 10 in. and an inertia of 389 in. . These are 

represented in the model by back-to-back channels which when scaled up 

2 

to prototype material and dimensions have an area of 8.6 in. and 

4 

an inertia of 280 in. . Above the conical section of the aft SRM 
skirt, the prototype had a short cylindrical section containing 
the fittings for the struts linking the SRM to the external tank 
and containing the ring which fastens to the aft portion of the 
SRM propellant cylinder. On the prototype, this ring was a double 

U shaped section about 10-§-" deep by 4-f-" wide with an area of 

2 4 

about 20 in. and an inertia of about 290 in. . A simpler single U 

2 

section is used in the model having an area equivalent to 13 in. 

4 

and an inertia of 95 in. when scaled to prototype dimensions and 
material. The short cylindrical section of the model forward of 
the U ring has the same skin thickness (.062") as the conical 
section, and is terminated in a ring for attaching to the model 
SRM cylinder. This area, while not representative of the 
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prototype, is designed to have stiffness compatible with the 
upper portion of the conical skirt. 

Orbiter 

The prototype structural arrangement used as a basis for the 
orbiter model is shown on Figure 7. 

The aft portion of the model fuselage has similar geometry 
as the prototype but is designed with only two full bulkheads, 
one aft frame and two intermediate frames in place of the larger 
number on the prototype. The upper cutouts in the prototype 
which provided N f or the OMS and abort SRM's are not modeled, 
instead full frames are used. The external lines of the model are 
simplified and straightened compared to the prototype to reduce 
fabrication costs. The cross-sectional areas of the struts between 
the lower engines and the aft interstage fitting are scaled 
directly from the prototype as were the side longeron areas. A 
simple fin structure which extends up to the location of the fin 
c.g. is also included in the model. The skin gages in the 
bulkheads (.032" aft and .040" forward) are adequate for 
fabricating, thick enough to avoid buckling, and heavy enough 
to simulate some of the non-structural weight in the prototype. 

The in-plane areas of the prototype bulkheads are not scaled 
for the model in order to avoid structural complexities and because 
it is not considered significant in establishing the primary 
structural dynamic characteristics of the model. All side skins 
of the model fuselage are .020" thick, which is adequate to 
avoid buckling. The scaled down prototype dimension for the 
fuselage side skins is .012" but this would require intermediate 
rings and longerons in the model and increase the cost of the 
fabrication. The deck of the model which distributes the upper 
engine loads to the longerons is .016" thick and correctly scales 
the prototype stiffness ( area/length ) . 



The prototype fuselage mid-section consisted of closely- 
spaced frames covered by corrugated outer skin carrying TPS tiles. 
The model has similar but simplified geometry and structural 
arrangement. The model consists of series of more widely spread 
U shaped frames spaced every 10" covered, by a .020" side skin 
and .025" bottom skin. This skin thickness is enough to prevent 
buckling under static load but it results in a larger area and 
inertia than the scaled prototype values as shown in Figures 8 
and 9. Payload support provisions are made at 4 different stations 
to permit variations to be tested. The longerons of the model are 
designed to furnish the proper scaled area for the aft end of the 
orbiter. It is kept at a constant area for the entire length of 
the fuselage to limit fabrication costs. In order to simulate the 
prototype weight, about 0.8 lbs/inch, including the structure, 
would be required on the model. This is accomplished by increasing 
the thickness of the frame webs where stiffhess is not significantly 
affected. 

The wing of the model consists of 6 beams covered top and 
bottom by flat plates. Wing root connections are made by bolts in 
shear through the webs of the beams and machine screws connecting 
the top and bottom wing skins to the fuselage. This method of 
attachment simulates the prototype. The prototype had a corrugated 
double skin with an average thickness of .16" to l4". This 
structure is simulated in the model by a .020" sheet. Since the 
wing depth of the model is properly scaled, the prototype inertia 
at the wing root is properly represented on the model. A constant 
skin thickness is used over the entire model wing to control costs 
and this does give the proper order of magnitude for inertia since 
the beam depth decreases toward the model wing tip. The proper 
weight for the wing including the TPS panels is simulated on the 
model by adding thickness to the webs of the spars. The model 



wing does not have chordwise trusses or beams (typical of the 
prototype) so that loads applied away from the outer periphery 
are not distributed properly between spars, but loads applied 
at the outer edges are properly transmitted by the top and bottom 
covers. Therefore, realistic modes are anticipated if shakers 
are kept at the periphery of the wing. The RCS wing tip pods 
of the prototype are simulated by lumped weights on the model. 

The orbiter interstage fittings duplicate the prototype 
geometry using simplified components. 

The orbiter model payload bay door consists of a removable 
7 segmented semi -cylindrical cover skin which can take loads in 
torsion but not in tension and compression, thereby simulating 
the structural properties of the prototype door in a closed and 
locked position. The minimum skin gage which could be used for 
the door in order to prevent buckling is .016", which is quite 
thick compared to the scaled prototype value of .00325". 

The forward fuselage in the model consists of a tapered 
non-circular stiffened shell extending through the cabin location. 
The two side longerons of the fuselage mid-section are extended 
through this area in order to provide a forward orbiter model 
heist point. There are provisions for attaching weights simulating 
the forward equipment. Additional stabilizing stiffeners are 
added to the model to prevent buckling. Local stiffnesses are not 
considered significant for vehicle structural dynamic 
characteristics and are, therefore, not scaled. 

Complete design drawings of the l/8th scale dynamic model are 
available at the Dynamics Loads Branch, Loads Division, NASA/Langley 
Research Center. An assembly drawing of the model showing the major 
components and overall dimensions is presented in Figure 10. 



SUSPENSION SYSTEM FOR MODEL 



Suspension System For Model 


The objectives of this system are to provide support which does 
not interfere with measurements of the unrestrained structural dynamic 
characters tics, such as mode shapes modal frequencies ;and damping 
during tests, while keeping the support induced buckling and handling 
loads to a minimum. The system should also permit the ready disassembly 
and changes in the model elements required by the test program. The 
system must be compatible with the current support structure (Backstop) 
in the NASA Langley Dynamics Research Laboratory, and should be relatively 
inexpensive to implement. 

Suspension Concepts 

Various support concepts were considered for use on the model. 

These included the systems analyzed by R. W. Herr and H. D. Carden in 
USAF RTD-TDR-63-4197 (Sept. 1963 ). Vertical suspension of the launch 
configuration is necessary to obtain the proper hydroelastic interactions 
in the LOg tank* Successful use of air springs for large vehicles at 
Grumman prompted the adoption of 0.5 hz- units, remaining from the IM 
program to provide vertical isolation. Horizontal isolation is compli- 
cated because unlike previous axisymmetric models, the Shuttle center 
of gravity shifts laterally with reduction in fuel so that the attitude 
changes for most practical vertical, suspensions. Base support springs 
as used on the full scale Saturn V Dynamic Test Vehicle were considered 
too expensive and a cable system was therefore adopted. A single 
cable was impractical because no adequately strong suspension point was 
available. Therefore the system described below was adopted and 
designed. 

Recommended Suspension Scheme 

A modified two cable suspension system shown schematically in 
Figure U. was selected. The modification consists of a bridle positioned 
between each suspension cable and the model. The bridle is routed 
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thru a sheave on the suspension cable and each end is attached to an 
SRM interstage fitting on the same side of the BD taak. This arrange- 
ment offers the advantage of supporting the model at the same four 
points at which the SRM thrust is introduced on the full size vehicle, 
minimizing the effect of the suspension loads on the model and permit- 
ing the model to assume its eqilibrium attitude at any level of pro- 
pellant loading. 

Within the restraints shown on Dwg AD 38 3“ 500 > the primary sus- 
pension system may be routed in any number of ways thru a system of 
sheaves mounted on the upper backstop structure. One such routing is 
presented on Figure 11 . 

Provision for changing the SRM propellant level between tests 
was an important consideration in the design of the overall system. 
Discussion with FASA concluded that changing propellant cylinders, 
(relatively long and heavy masses, )on both SIM's with the model sus- 
pended was not desirable, and, that the approach should be to first 
lower the model and to support it vertically on the floor prior to 
replacing the cylinders . Since the suspended model can be in any of 
three possible attitudes this requires that it be oriented vertically 
prior to lowering. Also shown in Figure 11 is a proposed 
routing of the model leveling - cable system. It should be noted that 
this routing is proposed to run parallel to that of the suspension 
system in order to maintain the attitude attained by use of the 
leveling system while the model is being raised or lowered. 

Both cable systems are interconnected by a hydraulic ram and 
sheave arrangement, also shown in Figure 11 . The hydraulic ram is 
proposed, permitting remote operation and selection of rate, however, 
any mechanical device of adequate capacity, such as a chain hoist, 
could be used instead . The ram changes the model orientation by 
varying the distance between the two sheaves, one being held fixed by 
the cable to the actuator on the floor, by a winch or ram or any other 
satisfactory device, the other connected to the orbiter and free to 
move. During tests the leveling ram is f ully extended permitting the 
model to assume its equalibrium attitude. The slack leveling cables 
may be left attached to the orbiter or disconnected. The model may be 



raised or lowered in any attitude by means of the floor mounted actuator 


Drawing AD 38 3 _ 50 0-1 showing the extreme positions anticipated 
for the range of weights to be tested with and without SEM is shown 
on Figure 12. Also shown is the clearance, anticipated. The orbiter 
alone could be readily suspended from the forward attachment point, 
and an aft handling point at the top of the fin is available for 
support during any required movement. 

Estimated Suspension System Frequencies 

The fundamental model free resonant frequency is expected to be 
about 8 hz. Therefore suspension frequencies below .8 hz would be 
desirable for the support system. The IM airsprings will furnish 
a .5 hz vertical suspension which should be adequate. Laterally the 
combination of rocking and pendulum motion- is anticipated. To 
estimate the lateral frequencies, the model wets analyzed in two planes 
separately assuming the vertical airspring was not effective. 

In the plane where the vertically suspended model is viewed from 
directly in line with left wing, the right hand bridle attachments 
are directly behind those on the left hand side and the system acts 
like a simple physical pendulum with the center of gravity below the 
point of support,- as described on page 250 of "Advanced Dynamics" 
by Timoshenko and Young. The two resonant frequencies were calculated 
for 5 weight conditions from full -up (9^32 lbs.) to just prior to 
decoupling the. external tank (675 lbs). The resonant frequencies for 
the lightest condition were 0.6l hz and O.Ij8 hz, while those for the 
heaviest were 0.37 hz and 0.19 hz. 

In the plane at right angles to this, where the suspended vehicle 
is viewed from directly in line with the orbiter fin no adequate 
expression for the resonant frequencies was found. An approximate 
expression was developed using Lagrange's equations and assuming small 
motions and equivalence of small angles as shown in Apprendix B. The 
resonant frequency in this plane varied from .20 to .26 hz for the range 
of weights from full (9^32 lbs.) to almost empty (675-lbs). A more 
detailed analysis would include the effects of the vertical flexibility 



however the resonant frequencies for the idealized cases are considered 
sufficiently low to provide confidence that the isolation furnished by the 
suspension should be adequate. 


Handling Procedures 

The procedure recommended for the initial assembly of the model is listed 
on Figure 10. The weights and angles anticipated for various loading conditions 
are shown schematically in the Stress Report on page 22 "Flow Chart For Model 
Handling". 



stress 


analysis 



STRESS ANALYSIS 

The Stress Analysis includes the following: 

1. A discussion of ground rules concerning the handling of the model. 

2. Presentation of th,e loads associated with these ground rules. 

3. Documentation of model geometry at internal interfaces, and the determination 
of model loads for which the model structure was checked. 

4 . Analysis of a typical SRM drag strut. 

The detailed analysis of the "basic internal model is not presented herein. In 
designing a l /8 scale model, true scaling results in margins of safety up to 8 
times those on the prototype for the same accelerations. For this model, for 
cost control and design simplicity, many critical structural areas show even 
greater margins of safety. Each drawing was reviewed to assure adequate 
factors of safety and stability for all defined load conditions. It is not 
considered necessary to include all detailed calculations in this document. 

Discussions of Ground Rules . . 

Handling conditions are presented on Page 20 . 

All raising and lowering of the model shall be accomplished with the 0g 
(water) tank of the external tank drained and empty; and with the model in a 
vertical orientation with the orbiter supported vertically from the nose 
fittings provided at Orbiter X Station 46 . These stipulations are necessary 
to (l) prevent buckling of the intertank skirt between the pickup fittings and . 
the 0g tank Y ring and (2) to prevent compression bucking in the lower skin 
of the orbiter. 

Loads Induced by Handling 

The load factors acting on the dynamic model are tabulated on Page 20. 

These include mode survey as well as model ground handling conditions. 

Flight configurations are designated by symbols "A” thru "G" as given on 
Page 21. Condition "A" is representative of the prelaunch configuration. 

Flight conditions progress until the last flight configuration condition "G" is 
achieved. The appropriate model weight for each flight condition is also 
listed on Page 21. 

A "Flow Chart for Model Handling" is presented on Page 22. The chart lists 
the configuration sequences that the model sees in the test program. Configured ,i 
tion "A" may proceed to configuration "F" by means of 30 steps * Each step is 
designated by the step number encircled and an adjacent arrow. All 1 g support 
loads and the inertia loads on the model components for each step are given on 
Page 26. These support loads occur either at the base of the SRM or at interface 
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points 1 & 4. The interface points are located on Page 24. Ultimate loads for 
design for these locations are shown on Page 26. 

Orbiter Loads 

The orbiter weight distribution & inertias are presented on Page 27 & 29. 

The loads induced oh the orbiter during handling are presented on Page 28. Loads 
induced at the interface locations due to a unit load applied at both the center 
of gravity & the forward nose hoist location are shown. The shear axial load & 
bending moments for a 1 g axial and lateral applied force are then determined as 
shown on Pages 30 to 33- These form the basis to check the strength of the 
orbiter fuselage. 

Orbiter to external tank interface loads are obtained by applying unit loads . 
at the interface locations and calculating the strut member loads & the tank 
support point reaction forces as shown on Page 34. The loads at these interface 
locations due to critical handling conditions on the orbiter are obtained by 
multiplying the appropriate values on Page 26 by the unit factors on Page 28 & 
are listed on Page 35* These are then converted to the member & fitting loads in 
the lower table on Page 35- 
SRM Loads 

A similar procedure is followed in determining the SRM induced loads on the 
external tank interfaces. The geometry & distribution of forces to the inter- 
faces is shown on Page 36. The loads at the tank reaction points & in the truss 
members for a unit axial (l lb.) load applied at the point designated 5' is shown 
on Page 37- A similar distribution for lateral (Y & Z) loads applied at the SRM 
center & for lateral loads and moments applied at the center of the external (HD) 
tank are shown on Page 38 for the forward interface & Page 39 for the aft inter- 
face. The reaction forces have been translated into axial, radial, & tangential 
forces & strut loads & summarized on Page 40. The critical handling conditions 
from Page 26 are then multiplied by these factors to give the ultimate loads as 
listed on Page 4l. The primarily axial handling loads are combined with the 
lateral handling loads to give the design values listed on Page 4l. A similar 
calculation for the loads in the SRM at these interfaces gives the values 
shown on Page 42. 

Analysis of a Typical SRM Drag Strut 


A typical analysis is shown on Page 43. The loads applied are determined 
on Page 4l. Two cross sectional areas are checked and the margin of safety 
is -27- 
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TABLE I 


WEIGHT STATEMENT 
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CONFIGURATION 
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CODE 

SYSTEM 
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STACK ELEMENT 




ORB. 

SRM 

TANK 
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WING GROUP 

16017 
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TAIL GROUP 

3186 
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; BODY GROUP 
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50199 


1 * 

INDUCED ENVIR. PROTECTION 

! 2911+5 
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5 

LANDING, RECOVERY, DOCKING 

! 9613 

5860 



6. 

PROPULSION-ASCENT 

2l8l6 

27900 

2350 
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PROPULSION-CRUISE 

217 
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PROPULSION-AUXILIARY 

5738 
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PRIME POWER 

3674 




10 

ELECT CONVER. & DISTR. 

2975 




11 

HYDRA CONVER. & DISTR. 

151*6 




12 

SURFACE CONTROLS 

i 1538 


1 

1 

13 

: AVIONICS 

' 6615 

1720 

469 ! ! 

Ik 

ENVIRONMENTAL CONTROL 

4Ul8 


! 

15 

■ PERSONNEL PROVISIONS 

1068 

! 
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16 

RANGE SAFETY & ABORT 


O 

O 

LT\ 
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17 

BALLAST 
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18 

GROWTH /UNCERTAINTY 

13068 
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1300 ! 


NOSE CONE 



1134 


SEPARATION & DEORBIT 

100 

1200 

4854 


SUBTOTAL (DRY WEIGHT) 

160880 

341832 

66305 


20 

. PERSONNEL 

1420 


T - 
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21 

CARGO (LANDED) 

40000 


1 1 

22 

! ORDNANCE (IGNITER) 

, | 

1028 

j ! 

23 

RESIDUAL FLUIDS 

1803 


j 8186 • | 

25 
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; RESERVE FLUIDS ' ( LANDED ) 

897 
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1 , : 
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r SUBTOTAL (LANDED WEIGHT) 

205000 

342860 

N. A. 1 
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21 ; 

A CARGO UP 

25000 
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2 i 

FINS /SKIRT (STAGED) 



10396 

5 ; 

RECOVERY SYS. (EXPENDED) 


21220 


22 

IGNITER (EXPENDED) 


900 


25 : 

RESERVE FLUIDS 




26 1 

IN FLIGHT LOSSES 

6432 
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PROPELLANT-ASCENT 


2452932 

1560052 
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PROPELLANT-CRUISE 
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27396 
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INSULATION /LINER 
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1 1 
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ELEMENT GROSS WEIGHT 

ABORT SRM 
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263828 
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2844712 

68500 

H829312 


1652272 
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TABLE II 


DRAWING NUMBER 


AD383-500 
-501 
-502 
-503 
- 50 U 
-505 
-506 
-507 
-508 
-510 
-511 
-512 
-514 
-515 
-516 
-517 
-518 
-520 
-521 
-522 
-525 
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-527 
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DRAWINGS OF l/M GCALE MODEL 

DESCRIPTION 

Model Assembly Suspended (3 Sheets) 

Shuttle Model Assembly 

External Tank Assembly 

SRM Assembly 

Orbiter Assembly 

LO 2 Tank Assembly (2 sheets) 

Intertank Skirt Assembly 
LHg Tank Assembly (2 sheets) 

Aft Skirt Assembly 

SRM Forward Skirt Assembly 

SRM Propellant Cylinder Assembly 

SRM Aft Skirt Assembly 

LH 2 Tank Fitting Installation 

Rings for External Tank 

Intertank Skirt Frame Assembly 

LH 2 Tank Frame Assembly 

External Tank Aft Skirt Frame Assembly 
SRM Rings 

SRM-t o-Ext er nal Tank Thrust Fittings 
External Tank-t o-Orbit er Thrust Fitting 
Orbiter Forward Section Assembly & Installa- 
tion 

Orbiter Payload Bay Cover Assembly & Installa 
t ion 

Orbiter Payload Module Installation 
Orbiter Aft Section Assembly 
Orbiter Wing Installation 

Orbiter Fuselage Side & Bottom Skin Panel 
Assembly and Installation 
Orbiter Keel Assembly and Installation 
Orbiter Wing Beam Carry-Through Assembly 
Orbiter Aft Interstage Fitting Assembly 

^5 



TABLE II (continued) 


DRAWING NUMBER 


DESCRIPTION 


- 53 k 

Orbit er 


(2 shee 

-535 

Orbit er 

-536 

Orbiter 

-537 

Orbit er 
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Model C 

-539 

Orbiter 


Fitting 


Engine Support Bulkhead Assembly 
t s ) 

Fin Stub Installation 
Fuselage Forward Frame Assembly 
Abort SRM Installation 
osmetic Lines (2 sheets) 

Engine Bulkhead (Station 180.009) 


Rote : 


1 . 


Two (or more) copies of 
submitted separately to 


each of the above drawings 
NASA/Langley for review. 


have been 


2 . 


These drawings are available from the 
Loads Division, NASA/Langley Research 


Dynamic Loads Branch, 

Center, Hampton, Virgina 2336 
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APPENDIX A 
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FOR 1 LB. OSCILLATING FORCE 
APPLIED AT ORBITER ENGINE ' 



>W*a jQr*_ A {/$ ScrttF f^oZxTL. ~ So /-^rtrty <?/= jTss-re/zsTSJ&tF 
/t>/£C.C^ V>v^/ <£& <Z*SC./££SJT//Vc>- rt~a/ 3 c.<£' AppLIEO at 
(A'rtrt/y /: ft. AF/fg //v£T 


( fa fZC* & £> % /W>. <T //J 4 | 4 

_ 0 /:/y///$ r/?f/n /as/s/j £ > t __ /{& 

f'lUj? | Ar-r ! fo/etu/usp I 


A-?: i Ax '■ A? Ax As I 


//FTCrtF ? /?■ ? tj.o.c, 1 t/c. / i ±?z./ iALFL- 'JiALA 'z£LA> 

i | 

j — 

i j ^ . m « ^ ^ t z? ^ ±- j ^ y<5 ✓ *V O ^ U* ^ n •* 


Art* (D t./S > B f i/7, ? *-/<?• <3 


^/. 3 p/^*/ JT fv^.J 


J/f/; A .t 2A g jF jj://. g> -*^,7 ^.7 V, ?0 -Ag 

/%>*! $CR ±/f -9 'U-g £$■? — — — 


35 Art a/o 


£/<S>,S’ i 6 


~ SPACS SPOTTLS AO tV a/ JAA 6 /A/e 3 o#A/ OOT\ 

Tcco/I /■/ rtf, f'£E2i V/1 L (J £ _s H'rt A/f 2>JE rt 

{//J TrtB Lr?/?Se Cz £■'/-' fZy / 6 '*:) /-'J 


Z^/.^/V {A 2 tS 








• r / S’ Jr 32 lM? 


Fi'li >*A l 


ft - ±/(*Lrtg 


Fy* ±/f// ce, z> 


Ft - * A LB. 


ZS'CA S 


■*- ■? 3 S-&SS 


r :a 


,(rt 


±J-Zte.s 


A^rj/rt 

/. S7rtr/g 66/&S, M0<.T 
/&£ flDTt£7f 7-0 t'/r.:. -- • 
2. gff- IC/i fs ■Srto rt/f 
fi/l icrtrts art A. 
Fart i/h\'/z 70 > fa // 
Ca/f rta cj tags 













Mo/U:r:5 


/?//£> S 3 737/2/ /J/j- /v&/va v/r 5 > 

<.■■: /:/. r / /r y/ s;. r >y- /Tr/^/C 

//'' CU../-/7i\/iL r-:~ 

ri,Lt SC Pit: J/f X/0S £ 


(^3 A ' V ^ 1 r^/^) 

/) pp li£o 


tfortc 'rtT& JAJ /JU-X/PS 


& 

:••/:. ■///': j 

(D 4 - : 7 . j 

P7 \ 

p* , 

\4 ' >4 , 

$9 \ 

/:'■ / 

■ 

foci Sc/;/..- 4 .' 

//<'■■'. ■“' /_ 1 

f.S 

//: ft 

PS i 

h U j> : 

ns 

i ‘ * 9 


KO<f ~ * *c ! 

^?/ 8 ? 

Al o s f ~ X 5 

3?. 7 if 

0 7 

> 2 , 

y 3 i 

1 

3 * 2 - 

/07 : 

/5. 


Yv-y 

3-5-jr j 

5~i 7 

V 

/>.■ 7 

5.0 

j 

7 <5 5 ’ 

7 *•' 

* s * 


jyo 

6 ?. 5" 

75-0 

/3-3 

XT 3 

/!■ 3 

/ 

/ 2 ,r. 


<570 

1 1.7 5 

0.0 ■ 5 

75. 5 

7-3 

S3 

4 ; 

??/■ 

i) 

N. 

70 </ 

83.0 

JZ. / 

/c • 

7-33 

PM 

-2 3^“! 

5>V 

l 

5-^-oT 

/ 0 401 

3L5-S 

/7- 

/Mo 

S.l 

^sT 2 ^ ! 

.*1 ‘'J' 

§ 

*-} 75 f 

/' J ^ 

i 2 2.0 <7 

73- 3 

P-S 

6 53 


^057 ' 


/OOCo 

/ 2 jr .75 

-73. C 

/7-S~ 

558 

4.1 


273 


//(o Z_ 

145-15 

0.0 17 

/5. 6 

7 7- y 

M/ 


37S 


/z.^7 

! 59.61 


/f.o 

7. Y2 

1 

5S 

Y500 

SM 

5555 . zrz 
5077 . Sc/uM 

2 8,99 



• 





toosf o 
?oZ. jr 

2 5 ■ </•/ 

./ 3 

S 


3-S 

72.1. 

1! 


o ffr.c 

| ?7.n 


i ,S 

\ 

JO. / 

?-r 

1 

| | 

^ / 

1 


373- 7 

^ *7 . 2 / 


.1? 

755 

\ 

US 

i /v57/ I 

; / fS 4 


5/5-0 

<2 4 . 49 

.27 

r *2* 

j O ■ 7 

//. 6 

1 3 707 \ 

3/S 


C27- 3 

79-u 

. 3Z 

! M 

j j/. 0 


1 53 C 2 ! 

| 

! 6'bS 

< 

76? . 3 - 

; ■?S. 2 < 7 ~ 

.3-2- 

\ \ 

! .tf 

| 

| -2/.0 

tS .P 

; ^7 

. 70 

7 o?. a 

*? ;• 7 l '’ ' 

33 . y 

! >f 1 

: 73 ./ 

ns 

j 8570 : 

; 7^3 

r •-. 

k: 

S7J-3 

1 .'0 ?.'•(. 

33 . y . 

\ Ml 

• ~v. 7 

! *./ 

3 2 / 3 

: 77 . 2 . 

C\ 

7&7V - 

/ 30 . 75 - 

i 33 . y 

7'S7 

J /> 7 

! /^/ 

i 

?/s7 



70 78 / 

/ i •?. / 

! 33' 3 

MS 

73-/ 

j 

S/cy 



73° 2 


J3 - 3 

?*• * | 

"■? 

> S--8’ 

70 7?S 

1 9n 


756 Z. 

/9S-25 

33 .Z 

MS 

. if 

7° 

J/7Y7 

/08O 


/8i?. - 

2 2 7-75 - 

33- Z_ 

US 

! ?■ 7 

70 ; 

\ //SO 7 ; 

toio 


/Si 7. -h 

2 27. /< / 

33. £ 

W'7 

55. 

/7^ 

j 700/^ \ 

7 20 


JO 7 7/ 

2 5)7.4 

7- * 

23 

27. 3 


25/3 j 

3*o 


J?Ot> -3 

77 5 79 

-?• £• 

?.! 1 

77.3 

>0-1. 

mr- c~ A 

2—5/. 

.& 


A-2 


Oo 


KJ a) : v>3 vVn s; *•■) (0 
1 ^ Vs <. ^ «0 Vo - 

V ! tv\ > } V 




V'l *< *S 
i 


fvl V>J X 


C* 

Hi 

o’ 


? ’ 

k ' 5 

F 1 

$ c* 

X ‘ 
M. 

u 

5: 


■n .1 


N 1 


J 

., , ,1 r v M ^ ^ m N l\ 

^. J r- > i o-x !■) q \\ o ^ 

t,'i (\ V) ■ y 




o 




; ^ W 'V <\ 


M 


x 




1 




v? 

mi- 

’V' 

\> : 

V; 

cf. 

vl ! 
V | 
£; 

$ 

I 


>. 0 ^ V> tJ 

\ ^ V 5 N -0 ^ - V, 

^ ; v> V) <Js ^ c.-N Vj' 

> y)J*? \ ^ ? v 


V 


V 


tj 

m 


N £ * V * X 
>» S ^ M Ni 


fj 

} - 


» * 
11 


(V VN 

V j 5 


V 


r\ pf) fv 

c\ ^ V) ^\ ,^‘ v> 


Vi 


Q Uj 

* S 

Vt > 

$ 

V) 

y 


V 

ki 

k 

V. 

Si 

*vi 
t) 3 


3V 1 


\? 




K 

$ 

I 

$ 

H 

Q 


V4 

o 

* 

o 

k 


v, 

x 

-j 

vj 

k 


>3 v:) 
v \: 

‘Xj 


vV ^ 
XT xd 

^ 5: 


*° Xk r \) SNl , N *? 

m M n \ y> s 

r\» \ X f\ ^ 

l l 


^0 tfs. X ^ *~"”^ 

«S *o rA Vo ^ ^ 


V O 

£ v^ 

V ^ v> 'tQ crs A 

c\ V 9 v >* k) r\ k 

C7 Otf 

V 

. *ls5 V V^) 

^ ^ ^ ^ S5 1 

<i? 

bo \>D (\ -^ Jo ^ x^ 
^ ^ ^ N ** *o ^ 

ij < 
1 ^ 

! 

. r- 5 ? rJ *• V> 

^ ^ ^ sJ f> f\ : 

IK ^ <A ^ ij V^ 

^ CXJ 1^ 80 V. V}- t- 1 

v \ ^ fJ fsj N 

tV •> 
K 

CO .1 ^ 10 '-\i Vx i-’V 

'.■ 'S . ij-x vC 1 

V tfv 5 V V- 'S 

^ ^ ^ ^ ^ 

1 


i 


/vpv 






















//<£> r^Wjt j. Q/Otf/TOz, 


/-7rFi c s 5 /?/•' 4 /5/' a'z>/a : '.• - /l£s r/-r,5 7" 5/7/J /G^,c,^roo7^) 

/o' . ' )":/,v A'/uipc e, /*-'/■’<■' 7" f&Fzg- ^jooi/eo 

47 iz /:/.<■•<■' r 7 - 

/. .1#. / <:/;/.:< z> /A> AT/ ’“ > } F^/-tC /' / Z /a* -yL/FS 
/Fori / Tree 3 //' Cri"* ^ t> //J-C4SS 


£>A6. 6//? 
7*^6 3C/Ue 

oes. 37 A 

/JOT {. C ■ 

A- A ; 

AS , AZT) , 

4 

AS 1 

V/gr 

B.Jf. i 

3M- 

7%F. 

S/f 

3 97 f 

| 7 ,/ 

- 7 . <5- 

s./ 


//.s' 

4^4 

57.5 

^r.6 

y / 

.5- JT~ 

-3-4 

'Af 2- 

i 


S7>0 

(ZZ.f 

/8. c / 

7^.6 j 

9 . 6“ 


7o? 

CS'.L 

S?4 

7I.Z7 

J2/.S 


AT./ 

//. T-* 

/Z67 

7 / 7 . 


So.o 

J3./ 

/7/ : 

/c3. / 

%<r ■ 

/te ? . 

JSC 

<:?./. ' 

t 04.06 

24, 

/7-fr i 

7.* 

^.7 

42?°} 

M/ 

%r; 4 

//c,./<j 

3/. 4 

/r./ 1 

y.<? : 

6' *7 

2?S7& 

3 73 

/ooC, 

/277S 

4/ <7 

14.3 


H3 

360 & 

334 

// bZ> 

J45,i 7 

4 ! . 1 

/f.b 

7 . 6 ^ 

f'<s : 

; 

777Z. 

W 

r\ 

ro 

J54.1-L 

J/.q. 

24.3 

7.7 

^7 ; 

TFO/? 


Jflo'tC ST A 
FULL. 

6CALF 

-2o3.S 

7S« y 

..(4 


• 

. 7 ' ! 

V 

;<7 ; 

\ jH'7 

/6 3 


37 3? 

.10 

,aT 

JT " 2 

3. S' 

! 773- 

/7-f 

39 3-7 

«fz/ 

.4 3 


- 2 

/•/.? 

0 '? ^0 

C3.3 

MP/7 

C4.4 y 

• 2 <5 ] 


-2§. £ 
f O 

MS 

; 3/ 

77/ 

6313 

7 9 

z3'3 

,zV 

| 2-fr .f 

),hl 

j ^ 6 <5^3 

6/5* 

707- ?- 


, 33 

,i4 

7S--o" 

3/4 

j /oz/S* 


712* H 

f-T.29* 

3LT,2. 

?(\V 

2 3- 2 

n. z- 

| /ovtxi 

?btr 

*7B- 3 

fOl./L 


X.O 

| *■*•/ 

m 

1 /2>o4%r 

12C7 

/^75 7 - 


JcA 2. 

p&.o 

23- J 

m 

J1707 

/c.43 

JO 1~6 f 

047S'- 

X3 

P(*-l 

7. S' 

S.8 

/7 74? 

/if/ 

/3d, 

/ 6.2.75- 

343 4 

0\o^ 

jo. ? 

\r.i ; 

/6<3/7 

;4S\ 

/ob 7/ 

/ 5 S.S 2 ' 

3S- S' 

X' 3 

7// 

! M. : 

7^5/67 

///? 

/Hit' 

2 2 7?" 


?£>.3 

J<4./ 

i /«•/ 

97/8 

879 

/V7-2,/- 

2 77. St 

7S" | 


22 . 2 . 

j A./ 

wy 

79/ 

-*077./ 

2 55. 41 

! 

2.1 

2 /. r 

• A*/ 

2??7 

2/P 

7? ?o ''.73 

2 7f. 7f 

J 

2 . 5’ 

l\ 

l).r : 

A 1 \ 


?.Z 


A-4 


I 

l 

















APPENDIX B 


RESONANT FREQUENCY OF BODY 


SUSPENDED FROM THE TWO ANGLED WIRES 
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The analysis us e s - L<agr an g e ' s equations to derive the equations 
of motion. The potential energy is calculated from the vertical 
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due to linear and rotational velocities. Assumptions of small 
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